A series of twenty 3,5-disubstituted isoxazoles were synthesized (using conventional and microwave methods) by the reaction of substituted chalcones with hydroxylamine hydrochloride and characterized by TLC, IR, 1 H NMR,
Introduction
Pulses are important and economical sources of protein in Asian and African vegetarian diets but suffer heavy qualitative and quantitative losses during storage from the attack by stored grain pests, especially Callosobruchus species.
1) The yield of pulses has been stagnating. 2) Newer pesticides having different modes of action are required as pests become resistant to older formulas.
3) A number of chemical protectants used to control these organisms are detrimental to the environment and human health, and thus these chemical protectants need to be replaced by safe and biodegradable products.
The literature shows that 3,5-disubstituted isoxazoles, e.g. isouron, isoxaben and isoxathion, are effective as pesticides and are degradable, [4] [5] [6] and synthesis of isoxazole derivatives [7] [8] [9] [10] [11] [12] [13] [14] was subsequently undertaken. Of these chemicals, isoxathion is an organophosphorus (OP) insecticide. The only other disubstituted isoxazole reported is isoxaflutole, 15) a herbicide. The classical synthesis of the title compounds involves reaction of a,b-unsaturated ketones (chalcones) with hydroxylamine hydrochloride under alkaline medium (Fig. 1) . The key feature of these heterocycles is that they possess an aromatic ring but contain a weak nitrogen-oxygen bond which, in reducing or acidic conditions, can be broken leading to ring cleavage. Isoxazoles are thus useful intermediates since the ring system stability allows the manipulation of substituents to give functionally complex derivatives yet it is easily cleaved if required for detoxification. [16] [17] Isoxazoles have played a crucial role in the theoretical development of heterocyclic chemistry and are also used extensively in organic synthesis. Considerable evidence has accumulated to demonstrate the importance of isoxazole derivatives. They exhibit a wide spectrum of biological activities including antiviral, 18, 19) anti-inflammatory, 20) fungicidal 21) and herbicidal.
22)
The isoxazole nucleus is also present in the structure of numerous naturally occurring and synthetic compounds with interesting biological and pharmacological properties. 23, 24) In view of the wide range of biological activities observed in isoxazole derivatives, we also tested their insecticidal activities.
We report the synthesis, spectroscopic and structural characterization of a series of 3,5-disubstituted isoxazole derivatives. The structures of the compounds were confirmed by their molecular formulae based on microanalysis, mass spectroscopy (MS), nuclear magnetic resonance (NMR), and infra red (IR) spectra. The compounds were tested against Calloso-
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bruchus chinensis in-vitro, taking OP insecticide dichlorvos 25) as a standard test compound to search for new compounds having insecticidal activity.
Material and Methods

Instruments and reagents
All the chemicals used were purchased from Sigma-Aldrich. Reactions were monitored by thin layer chromatography (TLC) on precoated Merck silica gel 60 F 254 . The spots were visualized either by exposure to UV or by iodine vapor and the compounds were further purified by column chromatography (60-120 mesh size). Melting points were determined on a melting point apparatus and are uncorrected. Infra red (IR) spectra were recorded on a Perkin-Elmer model 2000 FT-IR spectrophotometer as KBr pellets, and values are expressed as n cm
Ϫ1
. The 1 H NMR and 13 C NMR spectra were recorded on a Bruker 400 MHz spectrometer using tetramethylsilane (TMS) as an internal standard. The chemical shifts were recorded on a d scale. Elemental analysis for all compounds was performed using a EURO elemental analyzer, and data for C, H and N were within 0.4% of the calculated values.
Chemical synthesis
Synthesis of isoxazole derivatives.
2.1. Conventional method Appropriate mixtures of chalcone (0.01 mol), hydroxylamine hydrochloride (0.01 mol) and catalytic amounts of potassium hydroxide were refluxed in methanol on a water-bath for 5-6 hr. Progress of the reactions was monitored by TLC. After the completion of each reaction, the reaction mixture was acidified with dilute hydrochloric acid (HCl) and the contents were poured into ice-cold water. The precipitate was filtered off, washed with water until neutral pH, dried and recrystallized from absolute ethanol.
2.2. Microwave method Appropriate mixtures of chalcone (0.01 mol), hydroxylamine hydrochloride (0.01 mol) and catalytic amount of potassium hydroxide in methanol was placed in microwave oven and irradiated for 8-9 min at 450 watts. The progress of reactions was monitored by TLC (hexane : ethyl acetate, 7 : 3 v/v). After the completion of each reaction, which was evident from the disappearance of the starting material (chalcone) on the TLC plate, the reaction mixture was acidified with dilute HCl and the whole contents were poured into ice-cold water. The precipitate was filtered off, washed with water until neutral pH, dried and recrystallized with absolute ethanol.
All the compounds could be characterized by 1 H NMR, 13 C NMR and their elemental analysis. 
3-(2Љ-Chlorophenyl)-5-phenylisoxazole (1a)
Yield
5-(4Ј-Chlorophenyl)-3-(2Љ-chlorophenyl)-isoxazole (1b)
3-(2Љ-Chlorophenyl)-5-p-tolylisoxazole (1c)
3-(2Љ-Chlorophenyl)-5-(4Љ-methoxyphenyl)-isoxazole (1d)
5-(4Ј-Chlorophenyl)-3-(4Љ-methoxyphenyl)-isoxazole (2b)
3-(4Љ-Fluorophenyl)-5-phenylisoxazole (4a)
5-(4Ј-Chlorophenyl)-3-(4Љ-fluorophenyl)-isoxazole (4b)
3-(4Љ-Fluorophenyl)-5-(4Ј-methoxyphenyl)-isoxazole (4d)
3-(4Љ-Chlorophenyl)-5-(4Љ-methoxyphenyl)-isoxazole (5d)
Insecticidal activity
Adults of Callosobruchus chinensis were obtained from stock culture maintained at the Division of Entomology, Indian Agricultural Research Institute, New Delhi. Insects were reared on green gram (Vigna radiata) at 27±1°C and 70 % relative humidity. Glass jars containing 100 g of green gram were labeled to indicate the date of introduction of adults and new emergence. Adults were shifted to fresh jars on alternate days so that successive rearing jars could be maintained and insects of known age could be obtained regularly. Insecticidal activity of synthesized compounds was tested for contact toxicity by the Film Residue Method. 26) All synthetic isoxazole derivatives were weighed, dissolved in acetone and initially screened at 1000 mg L Ϫ1 concentration. Compounds which were found to be active were evaluated at lower (500, 100, 90, 80, 70, 60, 50, 40, 30, 20, 10, 7, 5, 1 mg L Ϫ1 ) concentrations, after preparing these solutions by serial dilution. One ml of each concentration of the various compounds chosen for further testing was directly poured into a separate Petri plate (90 mm diameter) with a micropipette. Petri plates with test solution were rotated to prepare a uniform film and were allowed to dry for 3-5 min. Each concentration as well as a control (blank) in acetone were replicated thrice. Ten adults (1-2 days old) were released in each Petri plate and were kept at 27Ϯ1°C and 70% relative humidity. Mortality was observed after 24 hr. Adults were considered dead if they failed to respond to stimulus by touch. Recorded mortality was corrected by using Abbottís formula 27) and data were subjected to probit analysis. 28) LC 50 values (lethal concentration for 50% mortality; mg L Ϫ1 ) were calculated by using statistics software (Indostat services, Hyderabad). Table 1 present the compounds screened initially at 1000 mg L
Ϫ1
. Those found promising (causing Ͼ70% mortality in the test insects) were studied further at lower concentrations to find their LC 50 . The statistical treatment of data recorded for chosen 10 compounds and the standard OP insecticides are given along with their regression equations and fiducial limits in Table 2 . The following compounds were active against Callosobruchus chinensis.
Results
Synthesis
The synthesis route is depicted in Fig. 1. Compounds 1a-5d were prepared by the cyclisation of chalcones with hydroxylamine hydrochloride in the presence of potassium hydroxide as a catalyst. The structures of the synthesized compounds were established spectroscopically. The IR spectra of these compounds showed a band in the region 1605-1620 cm Ϫ1 (CϭN), and 1239-1242 for (C-O-N)), confirmed the presence of isoxazole ring. The 1 H NMR of isoxazole derivatives showed multiplets for aromatic protons between d 6.80-7.50, and a characteristic singlet at 6.7-6.9 for -CH of isoxazole. 13 C NMR showed signals for isoxazole ring C-3 (149.5), C-4 (100.3), and C-5 (158.4). Theoretically there should be two signals in the NMR of compound 2d due to the two methoxy groups on an unsymmetrical isoxazole ring. But there was very little difference (approximately d 0.003-0.004 ppm) in their chemical shift as observed in 1 H NMR. Therefore in the 1 H NMR spectrum, both singlets merged and looked like one singlet at d 3.872-3.870 ppm (Fig. 2) . The resolution was improved by expansion of the signal of methoxy groups, clearly shown as two peaks with a difference of approximately d 0.03-0.04 ppm at d 55.39-55.35 ppm in 13 C NMR (Fig. 2) . 1a  1b  1c  1d  2a  2b  2c  2d  3a  3b  3c 3d  4a 4b  4c  4d 5a  5b  5c  5d   % mortality  78  85  68  86  58  85  84  89  67  46  65 66  86 59  67  88 65  90  63  82   Table 2 . Insecticidal activity of isoxazoles against Callosobruchus chinensis
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Insecticidal activity
Efficacy of the synthetic chemicals against the pulse beetle is presented in Table 2 . In general, all the chemicals tested showed better activity than the control (acetone ). The results obtained from bioassay indicate that this class of compounds can be utilized for designing new substances endowed with insecticidal activity. Development of resistance among insect populations to conventional pesticides is a major problem in agriculture. In this context, the development of a new chemical having a different mode of action than older OP or synthetic pyrethroids to overcome this problem, is very significant.
Discussion
An efficient microwave-assisted procedure for the preparation of 3,5-disubstituted isoxazole derivatives 1a-5d was developed. The reaction occurred remarkably rapidly under mild conditions, using inexpensive reagents and a household microwave oven as the source of irradiation. The advantages of this environmentally benign and safe procedure include a simple reaction set up, the application of commercially available reagents, high product yield and short reaction time. Further, the insecticidal activity of compounds 1a, 1d, 2c, and 5b seems to be promising, and usage of these chemicals for managing pulse beetles can be recommended, after regulatory evaluation. Our results indicated that the activity of this compound is greater when a chlorine atom is introduced at the 2-position of the aromatic ring.
